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BY THE TRAFFIC 

BUREAU OF PUBLIC ROADS 

Timesharing Between Two Driving Tasks 
Nimulated Steering and 

Recognition of Road Signs 

SYSTEMS RESEARCH DIVISION 

The reported study was designed to determine general driver ability to steer 

a vehicle while simultaneously searching for a specific sign and to measure the 

timesharing basis used in performing the two tasks. Four types of analyses 

were conducted to determine: (1) the influence of constituents of the tracking 

task upon performance of the search-and-recognition task, and (2) the influence 

of components of the search-and-recognition task upon tracking performance. 

These included testing of the significance of the differences between means 

of each of the treatments used. Integrated tracking error variances were 

analyzed, as were the recognition time variances for each of the conditions 

associated with the dynamic recognition task. In the second kind of analysis, 

basic to the inquiry was a test of the generalized timesharing hypothesis, which 

states that there is a trade-off between the two tasks; that very erroneous 

performance on one of the tasks is highly correlated with relatively accurate 

performance on the other. The erroneous recognition of signs presented was 

examined in the third kind of analysis. The fourth kind of analysis was made 

of control tests that were conducted to: (1) ascertain the possible effects of 

learning occurring throughout the experiments, and (2) make a comparison 

of experimental and baseline test conditions in which the tracking tasks and 

hypothesis. 

conditions in the laboratory. 

Introduction 

AINTAINING alinement of an auto- 

mobile on public highways and roads 

§ an essential part of the task of driving and 

‘equires the driver to operate the vehicle 

vithin somewhat narrow bounds. In addi- 

jon, he must search for, select, and relate 

\ variety of road signs to his progress and 

andling of the vehicle. These two tasks 

equire two very different visual tasks that 

1 Presented at the 43d annual meeting of the Highway 
-eSearch Board, Washington, D.C., Jan. 1964. 
?Members of the Bureau of Public Roads acted as test 
rators during this study, and members of the Electro- 

echanical Research Branch of the Office of Research and 
evelopment aided in developing a facility for Human 
actors laboratory research. 
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search-and-recognition tasks were presented singly. The tracking data and 

recognition-time data are separately presented, and the interactions of the 

two performances are considered together in an examination of the trade-off 

Analysis of individual timeshared trials indicated that performance on each 

of the two tasks is essentially independent. Tests of the specific hypotheses 

indicate that operator pacing increases as the complexity of the two tasks 

increases. However, in all comparisons of the independent tasks and their 

timeshared counterparts, the performance of test operators deteriorated when 

the tasks were shared. The tests were conducted under highly controlled 

compete for the driver’s time and must in 

some way be evaluated so that minimal varia- 

tion in steering is achieved. Interactions 

between the two tasks have not been reported 

previously by researchers. How these two 

types of operator performance interact and 

their effects on highway traffic is not well 

understood. Yet the efficiency and safety of 

the highway system depends upon the pro- 

ficiency of drivers in processing the two tasks. 

The experiments discussed here provide some 

basis for the baseline conditions predicted in 

the research described in this article. 

Definitions 

The following list contains definitions for 

some terms used in this article: 

Reported by ‘ Burton W. STEPHENS, 
Research psychologist, and 

Richard M. MICHAELS, Chief, 
Human Factors Research Branch 2 

Amplitude—Amplitude is the extreme range 

of movement obtained by a periodic oscillation 

translated onto the abscissa of the display (in 

centimeters when expressed in terms of the 

display face, or in degrees when expressed in 

terms of angular extent in relation to location 

of the eye and the display face). 

Coincidence circuwit.—A coincidence circuit 

is an electronic circuit in which an output 

signal is produced only when each of two or 

more input pulses occur simultaneously. 

Exteroceptive cues.—Exteroceptive cues are 

information presented to sense organs—visual 

cues. 

Frequency.—Frequency is the number of 

cycles per second in a periodic vibration. 

Kinesthetic cwes.—Kinesthetic cues are in- 

formation (not visible) presented to sensory 

nerves in the muscles, tendons, and joints. 

Line of regard.—The line of regard is an 

imaginary horizontal straight line through the 

center of the forehead of the test operator and 

perpendicular to the plane of a display. 

Proprioceptive feedback.—Proprioceptive 

feedback is an indication of the degree of 

performance of the muscles, tendons, and 

joints of the human operator. 

Psychomotor response-—Movements of or 

pertaining to muscular action ensuing directly 

from a mental process is a psychomotor 

response. 

Objective velocity.—Objective velocity is the 

first derivative of position with respect to 

time. 

Rho-correlations.—Rho-correlations are rank 

ordered or ordinal sealed relationships, the 

degree of which covers a range of plus and 

minus unity. 

Sensory modality.—Sensory modality is a 

receptor system, such as sight or hearing. 

Signing practices—Signing practices are 

presently adapted means of presenting road 

sign information, such as speed limit, route 

destination, intersection, and curvature. 

Sinusoidal waveform or input.—A_ periodic 

vibration that rises to its maximum and mini- 

mum in equal time by smooth gradation is a 

sinusoidal waveform or input. 
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Stimuli separation and speed.—The angular 

displacement between targets or pertinent 

aspects of displays and the rate of angular 

change of such a separation is referred to as 

stimuli separation and speed. 

T-test—The t-test is a statistical method 

used for testing hypotheses comparing the 

average errors under different conditions. 

Time pacing.—Time pacing is the manner 

in which time is devoted to one task and then 

another; a pattern that may reveal a regular 

recurrence, 

Visual feedbackw—An indication of the 

degree of performance of visually presented 

tasks is termed ‘‘visual feedback.’’ 

Findings 

The main findings of the study reported 

here were: 

(1) When a test operator was required to 

share his time between two tasks, each type 

of performance was poorer than when he 

performed only one task. 

(2) An increase in the number of message 

units that appeared in the recognition task 

did not affect the operator’s performance of 

simulated steering. 

(3) The increase in the number of message 

units that appeared in the recognition task 

increased the time required to recognize the 

key word. 

(4) As speed of the simulated steering task 

increased, recognition time decreased. 

(5) If a specific message had equal liklihood 

of appearing or not appearing, recognition 

time was greater when the key word did not 
appear. 

Background 

One-dimensional tracking 

Tracking has been assumed to be an analog 

of the steering task and is so defined in this 

article. Adams has described it as a paced 

task where an “. . . externally driven input 

signal defines an index of desired performance 

and the operator activates the control system 

to maintain alignment of the output signal of 

the control system with the input signal. 

The discrepancy between the two signals is 

the error and the operator responds to null 
the error’’ (Z).8 

Compensatory tracking—simulated  steer- 

ing—provides a signal of any error and re- 

quires only a reference and control mechanism. 

Such a situation is analogous to minimizing 

deviations from a prescribed path or roadway. 

Configurations may be displayed on the face 

of an oscilloscope. Use of a low-frequency 

sinusoidal wave form provides a geometrically 

smooth input similar to roadway curvature. 

The amount of error correction that must be 
achieved within a relatively stable response 
period increases in proportion to the frequency 
of the tracking signal. This requirement 
may be considered to be an information load. 
As the frequency input increases, the informa- 
tion load also increases. Consequently, any 

_* References cited by italie numbers in parentheses are 
listed on p. 88. 
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time that is consumed in the evaluation of 

other portions of the environment would be 

expected to lead to less proficient guidance. 

Test operators match input frequencies up 

to 3 or 4 cycles per second (c¢.p.s.), according 

to Ellson and Gray (2). McRuer and Kren- 

del (3) put this figure around 1 c¢.p.s. Specific 

controls or display configurations may affect 

the psychomotor response sufficiently to ac- 

count for these differences. 

In a field situation, amplitude has been 

shown to affect the operator’s error-free 

performance of guidance. Results of a study 

were discussed at the National Conference 

on Driving Simulation in Santa Monica, Calif., 

late in February 1961, under the title Simula- 

tion Techniques in Automotive Human Factors 

Research. It was reported that on a test 

track having sine wave patterns, drivers re- 

duced their speed in order to effectively track 

higher amplitude curves. The field study 

under discussion suggested that increments of 

angular change remain constant over a time 

span that probably is associated with the 

test driver’s response time, or an increment of 

angular displacement of the course target. 

Brown (4) has shown that many examples 

involving objects in motion may be seen as a 

constant proportion of the velocity of angular 

change, which suggests that a single measure 

may predict tracking error for a particular 

control configuration. 

Recognition time 

Recognition has been defined by Munn (6) 

as the ability “. .. to differentiate beween 

the familiar and the unfamiliar or what has 

been experienced and what is new.” Rec- 

ognition time may be defined as the time 

delay between the presentation of some 

information display and recognition of it by 

an observer. In the research reported in 

this article, search-and-recognition activities 

were measured. The distinction between 

simple recognition and the in-motion task 

discussed here is that the in-motion task was 

not localized; it had to be pursued, at least 

briefly. The message had to be searched for, 

followed, recognized, and finally reported by 
some action. 

In the static state, discriminations have 
been evaluated from measures of time con- 
sumed in making a decision. Considerable 
evidence supports the assumption that rec- 
ognition time increases as the task becomes 
more complex. Classical experiments indi- 
cate that reaction time increases as the num- 
ber of alternate responses increase (Ge? eu Ena 
1960, R. D. Desrosiers of the Bureau of 
Public Roads, in a study of simulated driving, 
showed that the mean recognition distance of 
a test operator approaching a sign at a con- 
stant speed varied inversely with the number 
of alternate messages on the sign. On the 
basis of Desrosiers’ laboratory results, an in- 
crease in recognition time would be predicted. 
Although Desrosiers found no significant dif- 
ferences in recognition time in field test data, 
this lack of significant differences was attrib- 
uted to the great variance of performance in 
field situations. 

Task sharing 

Many studies have been conducted fr 

which information on separate and disert 

tasks was organized in the most desira 

way and translated to control devices 
human operators (8). Most of these stud 

have involved the sharing of tasks betwe 

more than one sensory modality. 

Briggs and Howell (9) have provided dz 

on the interaction of two continuous tracki 

activities in which the authors consider 
the effects of speed for each stimulus. The 

researchers have considered both periphe 

and central aspects of the timesharing proce 

Although more than one source of informati 

was to have been observed during their stuc 

three major differences existed between th 

study conditions and those reported in tl 
article. First, both tasks required tracki 
performance that demanded forced pacing 

a pattern of alternation between inputs by t 

operator, unless he neglected one of the ty 

components of the timesharing situatic 

Second, the spatial separation of targets w 

fixed for any one experimental condition, 1 

ducing search time and also the applicabili 
of such a configuration to the situation 

question; that is, information sources used _ 

the Briggs and Howell study were themsely 

in motion, although the observer was n¢ 

Third, neither task required the separa 

decoding of visual information implicit in t 

recognition task. Results of all of the studi 

reviewed indicated a general degradation 

performance as task complexity was increase 

In an earlier study conducted at the 

stitute of Transportation and Traffic En; 

neering at UCLA (10), as many as 15 perce 

of the drivers were reported to have ‘. 

made poor selection of routes due to confusi 

of messages on the signs...” or becawi 
they “. . . had not seen the signs in tir 

to make proper maneuvers.” The driver 

faced with a dilemma in negotiating hig 

speed roadways. A wrong decision in seler 

ing aramp may cause the driver to go frustr 

ing miles away from his desired destinatic 

Procedure 

On the basis of information developed 

other researchers, six hypotheses were f¢ 

mulated for the research reported in tls 
article. 

Hypotheses tested 

e Tracking error will increase proportic 

ally with the tracking frequency and amplituc 
e Tracking error will increase proportia? 

ally with the number of words on the sig} 
(complexity of the search-and-recogniti\ 

task). i 

e Recognition time (measured as time fre! 
the sequence beginning) will be proportior. 

to the frequency and amplitude of the 1 

ing signal (a sine wave). 

e The number of false alarms in recogni 

will increase proportionally as the frequen 

and amplitude of the tracking signal is i 

creased. £ 

e Tracking error will not be depende 

upon the presence or absence of a speél 

message on the sign. 
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eA systematic inverse relationship will 

| Li between tracking error and recognition 
e if timesharing is determined on an indi- 

dual trial basis. 

The six hypotheses suggested uniform 

| trends but did not predict quantitative values. 

They were intended to ascertain the relative 

effects of the concurrent operations that test 

‘operators were requested to perform. 

‘Experimental design 

| A balanced, five-factorial design, in which 
jrandomized presentations were made of the 

different search-and-recognition levels for each 

, tracking condition, was employed. Six test 

,operators were given tracking tests under two 

, amplitude and three frequency conditions. <A 

4 film that had signs containing two, four, or six 

messages was used in the tests. The key 

message, which was PIDFOH, was in half of 

, the presentations. Each of the test condi- 

f tions was presented to each test operator five 

| 
| Control tests of tracking performance were 

™ paired with each of the timeshared (experi- 
7 mental) runs. In the first half of the trials a 

, control test requiring tracking without the 

, filmed presentation was followed by an ex- 

, perimental trial where both tracking and 
search- -and-recognition activities were to be 

performed. The latter half of the trials for 
seach operator was a reversal; each experi- 

mental trial was followed by a control test. 

Data were collected from 30 trials for each 
of the tracking control conditions. 

i Two control trials providing only recogni- 

tion information were conducted during the 

first and second halves of the experimental 

session. No tracking was required. 

, The tracking task 

v| The test operator was seated, as shown in 

j figure 1, at a console that contained a cir- 

¢ sular Pe thode- -ray tube (c.r.t.) display, the 
: diameter of which was 12.5 centimeters. The 

) 21. display was situated slightly below the 
| ine of vision at a 12-degree tilt to the vertical 

» axis of the room. A low intensity, encom- 

t oassing brightness of 10-3 mL surrounded 
jhe scope face. The brightness of the tracking 

signal was approximately 1 mL. 

The signal was a point of light normally 

lriven horizontally across the face of the e.r.t. 

ind was to be corrected by manipulation of a 

landerank. The control mechanism had a 

.5-centimeter diameter, and a 2.25-kilogram 

lywheel was attached to smooth the jerking 

Rhovement of the control system. Two of 

fs hese cranks were located so that one could be 

" *perated easily by the test operator with 
» Shiehev er hand was preferred. The two 
franks were mounted on the face of the console 

, it a 45-degree angle to the floor. The crank 

. Was adjustable to such a height that the elbow 

i /equired support by a rubber pad. Hence, 

* otary control was achieved almost entirely 

_ dy wrist motion. 
b 

_ the search-and-recognition task 

pats 

= 
Saad 

On a rear projection, ground-glass screen a 

eries of motion pictures was presented that 

jontained scenes of a new section of the 

nterstate Highway near Washington, D.C. 
“he screen was located 8 feet from the seated 
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TRACKING Ee 
ee DISPLAY 

MICROPHONE 
(Hidden) 

Figure 1.—Test operator seated at driving console, performing tracking tasks 

rw 

and 

search-and-recognition tasks. 

test operator, and it was vertically alined to 

the ¢.r.t. No apparent texture masked the 

projected images, and the angle of inclination 

required for a visual shift from one display to 

another was slight. 

A sign-reading task was shown on the face 

of the screen. It contained messages com- 

posed of nonsense syllables having association 

values in the range of 27 to 47 percent. Each 

message unit had six letters, and the lengths 

of the messages were matched, as were the 

contours of the letters in the message units. 

The apparent size of the signs was the same 

as those on an actual highway. That is, the 

visual angle opposite the sign at the operator’s 

eye level was matched for the time from the 

FEEDBACK LOOP 

ee eee 
| 

| 
| TRACKING TRACKING 

| TASK CONTROL 
} | (CRT Display) (Handcrank ) 

| 
| 
| RECOGNITION HUMAN 
| INPUTS INDICATOR 

ih 

SNe (Footswitch) 

| ——$—$_{__—_—__. 

| MESSAGE 
| | RECOGNITION DAAITION 

| aes INDICATION 
(Movie) (Ver bal) 

Latha G5 es 5 eS ROWE 
TIMING PARADIGM Fi 

PRESET 
Ss MESSAGE 
O lp 6 t POSITION 

START stop PESEP MEASURING LI 
FILM MEASURE- DEVICES & START 

SEQUENCE MENT AND FILM SEQUENCE 

RECORD 

sign that corresponded to the distance of an 

actual vehicle traveling at constant speed. 

Each approach scene was projected at a rate 

of 24 frames per second, and lasted 16 seconds, 

including 1 second of film that simulated 

passing and receding of the sign. 

Test Method Operators 

To conduct the tests developed to evaluate 

the hypotheses previously listed in this ar- 

ticle, equipment was set up in the Bureau of 

Public Roads laboratory and operators were 

selected. The general relationship of the task 

configuration to the response devices is shown 

in figure 2. Each of these blocks in its inter- 

I ae 
| MEASURES 

ANALOG 
COMPUTER 

SINE 
WAVE 

GENERATOR 

RECTIFY 

| RECORD 
INTEGRATE 

ANALOG 
RECORDER 

TIMER 

COINCIDENCE 
CIRCUIT 

DIGITAL 

RECORDER 

Figure 2.—Timesharing simulation system block diagram. 
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acting role is discussed in the following para- 

graphs. In addition to the presentation and 

response systems, timing, measurement, and 

recording systems for the experiment are also 

discussed. The relative positions of the dis- 

plays and control devices are shown in figure 1. 

Six test operators from the staff of the Bu- 

reau of Public Roads, Office of Research and 

Development, were selected at random. The 

four males and two females, whose ages ranged 

from 21 to 45 years, reported no irregularity 

of vision or psychomotor impairment, and all 

had had several years of driving experience. 

Prior to the experimental session, the test 

operators received approximately 4 hours of 

training in tracking and search and recogni- 

tion. The film for the recognition control 

tests was also used for training. Training for 

all but the last operator was given the day 

preceding the experiment. The experiments 

were divided into two 3-hour sessions. Each 

of the 14 trials lasted 8 minutes, and rest 

periods between trials lasted for approximately 

8 minutes. 

During the experimental runs, the test op- 

erators were requested to simultaneously 

track—keep the dot on the e¢.r.t. display cen- 

tered on a vertical black line dividing the 

scope face—and to indicate when the word 

PIDFOH could be recognized on the motion 

picture display. Operators pressed the foot 

switch as soon as they recognized PIDFOH 

or as soon as they recognized that the key 

word was not shown. Then, immediately, 

they verbally gave the position of the key 

word by reporting the numerical position—1 

through 6—or zero when PIDFOH did not 

appear on the sign. Operators were not in- 

structed to pace the task in any particular 

manner, but merely to perform as well as 

possible throughout each trial. They were 

told to indicate recognition of the key word 

as soon as possible, without guessing. Other- 

wise, the experimental situation was relatively 

unstructured. 

Prior to the photographing of the highway 

section, portable sign standards were erected. 

Their green backgrounds nearly reproduced 

the color of the present standards used for des- 

tination signs on The National System of 

Interstate and Defense Highways. During 

photographic sessions, interchangeable mes- 

sages were placed on the standard back- 

grounds, and the signs were erected so that the 

brightness was approximately equal for all. 

The camera was mounted near the head posi- 

tion of the driver. Then motion pictures were 

taken that, from the operator’s view, would 

give the test operator the feeling of driving on 
a roadway. 

During photography, 

placed 1,000 feet apart. 

figurations, selected 

to each location. 

four standards were 

One of 30 sign con- 

at random, was assigned 

Each sign contained a com- 
bination of two, four, or six message units, with 
or without the key message PIDFOH, and the 
position of the key message was also assigned 

at random to one of the available positions. 
The developed pictures were duplicated so 

that seven completely different edited versions 
were available for the experiment. Each film 
had the 30 scenes of the standardized signs in 
a different order. 
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Timing 

The timing system provided sampling of 

performance on the two timeshared tasks. 

The timing pattern is shown in figure 2. 

Timing of the two tasks was synchronized by 

employing the film as a common time base. 

A small hole was cut in the corner of frames 

that would be shown 15 seconds and then 1 
second part. Light from the projector source 

energized a photoresistor in the upper corner 

of the screen. The test operator seated on the 

other side of the ground glass screen could not 

see the flashes of light from the projector and, 

hence, saw only what appeared to be a con- 

tinuous roadway. 

The photoresistor pulsed a flip-flop mechani- 

zation that alternately: (1) reset the measure- 

ment devices to a deenergized state, followed 

by an activated state of measurement, and 

(2) stopped the measurements and digitally 

recorded performances on each of the test 

operator’s tasks. 

Measurement 

Measurements of rectified integrated track~ 

ing error, time from the sequence start, when 

test operators indicated recognition associated 

with the sign-reading task, and correctness of 

verbal response to the key word on the high- 

way sign were recorded digitally. These 

measures were used as the dependent variables 

for determining the tenability of the time- 

sharing hypotheses. Analog records of track- 

ing performance and a separate indication of 

recognition time were also collected. 

The system of measurement of cumulative 

tracking error is shown in figure 8. This error 

measurement system is essentially the one de- 

veloped by Gain and Fitts (11) for a series of 

tracking studies. In this system, one of the 

cranks was attached to a potentiometer for 

measuring and controlling a d.ec. voltage. 

This voltage in turn, was added to a low- 

frequency sine wave, and the algebraic sum 

(shown on the cathode-ray display) was 

multiplied by a constant value empirically 

derived for minimal error of computation, 

rectified, and integrated. An output pulse 

from the flip-flop actuated a double-pole, 

double-throw relay between the rectifier 

output and the integrator at the termination 

of each 15-second sampled sequence. This 

relay in turn energized a delay sample circuit 

associated with a d.c. digital voltmeter. The 

voltmeter in turn issued a print command to a 

digital recorder. Total system error meas- 

ured during any one day was less than 1 

percent. 

The sampled sequence initiation pulse 
from the flip-flop actuated another double-pole, 

double-throw relay that issued a short pulse 

to the clamping circuit associated with the 
integrator, thereby zeroing the unit and per- 
mitting an accurate cumulative error score to 
develop. Time from the end of the sampled 
sequence to recognition by the test operator 
was measured by the second set of contacts 
on this pulsed relay. A positive pulse of 80 
volts started the count of an electronic timer. 
A stop pulse was initiated by either the test 
operator’s pressure on a foot switch or by the 
one set of relay contacts associated with the 
stop phase of the flip-flop. 

LOGIC GRAPHIC ELECTRO 
sin 27 ft 

COEFFICIENT 

K (€,;-€5) 

eod 

pape 

ABSOLUTE VALUE 

|k (e,-e,)| 

INTEGRATOR 
JolK(e,-e2)|dt 

RECORDER 

Figure 3. 

error—logically, graphically, and ele 

tronically. 

Verbal indication of the position of the k 

word on the search-and-recognition displ 

was measured for correctness of respon) 

At the beginning of each trial, for each ; 

quence, the experimenter set into a ser 

circuit the position associated with the k 

word. The test operator’s verbal respor 

was recorded when he pressed the seco 

switch in the pair of cascaded switches. 

the position reported was the same as th 

preset by the experimenter, the digit 

recorder printed an indication of positi 

correctness. 

Discussion 

Interactions between the independent ¢ 

pects of tracking and search-and-recogniti 
activities have not been reported on by pre 

ous researchers. Although results of studi 

on timesharing between different senso 

modalities and two-dimensional tracking ha 

indicated general degradation of performanc¢ 

beyond certain input loads, consideration 

tasks having different, basic functional 1 

quirements has been lacking. Information: 

an investigation into the interaction process 

between these two tasks is reported in t 

article. Changes in responses, when tracki 

and search-and-recognition performances we 

measured in a nontimesharing role, have al 

been compared, ; 

Tracking Performance 

The five factors of tracking performance @ 

their interactions, as used in the experimen 

are summarized in table 1. These data refle 
analysis of presentations when test operat 

were required to perform tracking and seare 

and-recognition tasks concurrently. Inf 

ences drawn from these data, vherciGnaaa 

not reflect the effects of only the trackp 
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‘Table 1.—Cumiulative tracking errors: 
~ Summary of analysis of variance 

Sum of 
squares 

/ 

F, ratio 

\)) PxAxMxPxT_ 
Residual 

| TOTAL 

157. 80 
4, 894. 44 

22, 676. 20 

_ Frequency---_- 2 1493.15 
Amplitude__-_- 1 1811. 53 
Messages, 
number----- 2 1,99 

1 110. 52 
‘Test operator_ 5 187.69 

2 
ae 4 

2 
~ 10 

2 

~ 1 
7, 5 
i 2 

10 
~ 5 

| 4 
2 

] 10 
4 

20 

j 10 
12. 76 2 
49.89 10 

| 25. 47 5 
: 87.22 

FxAxMxP___- 54. 24 . 56 
meAxMxT .___ 108. 15 Al 

kn} FxAxPxT___- 60. 65 . 06 
eM xXPxT | 146. 28 .33 

be} | AXMxPxT___- 17.23 172 
.89 
. 66 

|| ‘Significant with probability less than 0.01. 
| 

it} 
ijittribute but also the influence of attributes 

apf the search-and-recognition task. Data 

hin table 1 show that on the basis of frequency, 

wiumplitude, and presence of the key word 

y)perators have demonstrated differential ef- 

ects greater than can be expected by chance 

i). percent of the time. Further, only the com- 

j bined interactions involving frequency, ampli- 

if ude, and operators are significant. 

_ Tracking error as a function of the signifi- 

rant variables of frequency, amplitude, and 

oresence of the key word is shown in figure 4. 

(he data for all test operators have been com- 

‘bined. The differential effects of tracking 

i) rror compared to the control condition (track- 

ing without the timeshared task) are clearly 
i shown by the information in figure 5. These 
* lata showed the relative magnitude of differ- 

# nees and illustrated the degredation caused 
v ’y combining the two tasks. In both the 

i jow- and high-amplitude tests, a clear decre- 

nent in proficiency occurred when the oper- 

tors were confronted with the two tasks. 

(he error score in the dual task increased 

verall about 80 percent; but the differences 
between the presence and absence of a key 

vord were separated by only a small but 

eliable amount—about 15 percent. 

Using a method of matched test conditions 

or all test operators, both presence and ab- 

ence of the key word and all sign complexities, 

comparison by means of student’s ¢-test 
f the lowest frequency-amplitude condition, 

ith and without the interpolated task, 

ields t=3.92, which is significant at the 0.01 
vel. Therefore, tracking performance for 

he lowest average velocity condition was 

msidered to be superior to the comparable 

meshared condition. 
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Search-and-recognition time 

Test operators’ differences in recognition 
time are also significant, as were measures of 
tracking performance. A summary is shown 
in table 2 for recognition-time conditions when 

the key message was on the sign. Of the two 

components of the tracking task, only fre- 

quency appears to have differentially affected 

performance on the dynamic recognition task. 

In figure 6, recognition time data is shown for 

each of the tracking frequencies. The effects 

of task sharing may be seen. The curve in 

this figure is only for illustration because 

operator differences influenced such a plot. 

The time required to recognize the key 

message on the sign was greatly increased 

when tracking was used as a secondary task. 

The lack of interactions involving the num- 

ber of message units on a sign indicated that 

test operators responded in essentially the 

same manner to different numbers of message 

units on the signs. The differences between 

two, four, and six words reflected a steady 

increase in recognition time as the number of 

message units increased. The time increase 

between the two- and six-message signs rose 

only about 4.4 percent, or slightly less than 

one-half second. The range of inerease on 

the timesharing tests was from approximately 

one-half second to 2 seconds beyond the 

recognition time for the control tests when 

the film was shown without the displayed 

tracking task. 

The means of both the control and experi- 

mental conditions are shown in figure 7. For 

the control conditions, a dip is shown at four 

message units per sign. This effect does not 

parallel the general trend of the data from 

experimental tests. The time differences 

were significant between two and four message 

units at the 0.05 level but failed to reach 

significance between four and six units. 

Search-and-recognition performance was 

tested to learn whether there were any changes 

between the first and second halves of the 

experiments. Using a t-test for matched test 

conditions, the mean recognition times for 

each operator were compared for the 5th and 

10th trials. No statistical difference at the 

0.05 level was obtained. 
The errors in judgment were determined 

from the responses of the test operators to 

the position of the key word on the signs, 

The error scores are listed in table 3 by 

percentage of misses and by false alarms—the 

error rates incurred by each of the operators 

when they reported the key word in wrong 

positions or in a position when it was not 

present (false alarms). These rates were 

sufficiently low so that no test was required to 

discriminate between guessing and _ non- 

guessing. The total number of errors was 

well below the 5 percent criterion imposed; 

therefore, the erroneous responses were not 

analyzed further. 

Timesharing 

If operators gave their best performance 

on one of the two imposed tasks, they should 

have given performances that were very 

Sam- negatively correlated with each other. 

ples of performance were taken at random for 

AMPLITUDE - KEY WORD 
O——O 2 CM. - PRESENT 
O- —0 2 CM. - ABSENT 
@—@ 4 CM. - PRESENT 
g@— —B 4CM.-ABSENT 

INTEGRATED TRACKING ERROR, ARBITRARY UNITS 

Saints, Son sal JARS. 

LOGp FREQUENCY, CRS. 

error data 

relative effects of frequency, amplitude, 

and presence of the key word. 

Figure 4.—Tracking showing 

AMPLITUDE - MODE 

O——O 2 CM. -CONTROL 

O— —O0 2 CM. -BOTH TASKS 

@——® 4M. -CONTROL / 

g— —s 4CM. -BOTH 
TASKS 

/ 

INTEGRATED TRACKING ERROR, ARBITRARY UNITS 

“1.5 
LOGp FREQUENCY, CPS. 

=o =2.0 

Figure 5.—Tracking error data showing 

relative effects of the sign reading task. 
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Table 2.—Recognition time: Summary of 
analysis of variance 

Mean 
sum of 
squares 

Sum of 
Factor squares F, ratio 

. 53 ‘ Ay 14, 81 
‘ 3. 86 

110. 40 
1214, 68 

Frequency 
Amplitude . 82 
Messages, num- 

ber . 61 
Test operator , 062. 65 

5, 84 2|° 2. 2) 95 

2. 29 . O7 0. 58 
8. 22 . 82 12. 85 
0. 11 y - 06 0. 06 
5. 45 é x 1.10 
14 : 1.73 

. 80 é 1. 21 
28. 12 2. 12.84 
27. 48 é é 

y; b .13 
FXAxMxT______- 8. 89 

Residual 1, 256. 08 
Error 428. 47 

1, 684. 55 

1 Significant with probability less than 0.01 

timesharing conditions of individual opera- 

tors. Twenty samples were subjected to 

rho-correlations. Only one correlation was 

significant at the 0.05 level. Therefore, the 

hypothesis that a significant correlation existed 

between the two timeshared performances 

must be rejected because the number of sig- 

nificant correlations did not exceed those 

expected by chance alone. 

The conclusion that no significant correla- 

tion existed between the timeshared perform- 

ance was derived from an analysis of the 

pattern of response, the number and dispersion 

of errors of tracking and search-and-recogni- 

tion performance. The fact that the number 

of messages on the signs had no effect on track- 

ing performance suggested that the overall 

time required by the dynamic recognition task 

was not affected differentially by the number 

of messages. Yet the number did contribute 

to an increase in recognition time. Such a 

paradox suggests that either: (1) The differ- 

ences in recognition time, although signifi- 

cantly different, were so small that they did 

NO, MESSAGES 

Or***O 2 WORDS 

& — —-4 4 WORDS 

O— —O 6 WORDS 

@——_® CONTROL 

12.0 

° 

10.0 

RECOGNITION TIME, SECONDS 

2,0 

“3.0 

LOGp FREQUENCY, GPS. 
$2.0 “(9 

Figure 6.—Recognition time data showing 

effects of timesharing with 

task. 
tracking 
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not affect tracking performance; that is, the 

variance associated with other factors was 

relatively large; or (2) the test operator 

quickened his alteration response to or from 

the tracking task and decreased time spent in 

the search-and-recognition task. 
Differences in the differential error between 

timeshared tests and control tests involving 

tracking alone are not great for each of the 

frequency-amplitude combinations. The trend, 

however, is toward smaller differentials, rather 

than greater ones, as the tracking frequency 

is raised. If a constant differential between 

each control and experimental comparison 

is assumed, then the same increment of error 

can be attributed to each of the frequencies. 

Although no difference exists between the 

integration of sine waves of differing fre- 

quencies (unless the integration time is very 

short), the lack of visual feedback for 1 or 2 

seconds becomes increasingly important as 

the frequency is increased. Gottsdanker (12) 

has indicated that essentially the same pro- 

cesses operate in anticipating a course under 

visual and visually deprived conditions. Test 

operators, however, showed more variable 

and less accurate performance when they 

were visually deprived. The operator main- 

tained some proprioceptive feedback and was 

able to anticipate the course, but this ability 

decreased as frequency was increased. 

Briggs and Howell imply that when tasks 

to be performed are spatially separated the 

operator must discretely sample these tasks. 

When more than one task competes for the 

operator’s efforts, then the sampling rate 

is paced according to the objective velocity 

of the stimuli of the tasks, but often this rate 

is modified by some subjective criterion. 

A decrement in performance shows a lack of 

visual error feedback or, expressed differently, 

a reduction of the sampling rate of the error 

signal by the test operator. If the rate of 

increase is less than would be expected by 

reduced feedback information, then the op- 

erator must increase his sampling rate; this 

has an associated effect on some other aspect 

of behavior. This may be presumed to be 

true only if the operator is responding well 

within the limits of his capacity to assimilate 

information. 

Recognition or Tracking Error 

If equal time is spent on the search-and- 

recognition task and is independent of the 

tracking task, then the analysis of variance 

of recognition times should show no significant 

differences for tracking frequency, amplitude, 

or their interactions; that is, recognition times 

would not be increased or decreased because 

of the addition of the secondary task (but, 

as stated earlier, the average recognition times 

did decrease as the frequency of the tracking 

task was increased). Furthermore, if an 

increment in tracking error exists in the time- 
sharing condition, then the size of such an 
increment should increase as a function of 
increased frequency. If the reverse were 
obtained, then it might be presumed that a 
time reduction in recognition time had been 

Table 3.—Erroneous response percentage 
by test operators 

Total er- 
roneous 
response 

False 
Test operator Error alarm 

Percent Percent 
1.2 

Percent 

used in minimizing tracking error. The te 

data clearly substantiated these presumption! 

Although the number of messages displaye 

to operators had no effect upon their trackii 
performance, frequency and the comple 

interactions of frequency, amplitude, an 

test operator substantially affected recogn 

tion time. A reasonable inference is that, : 

frequency (a component of angular change ) 
the target) was increased, the rate of samplir 

of the course increased and_ search-ani 

recognition behavior of the operator wi 
consequently altered. Comparable to tl 

field situation, in which the steering task ma 

be considered in the same context as trackin 
the operator’s search-and-recognition behaviv’ 

will decline as sign reading becomes mo) 
complex but will actually improve as trav elir 

speed is increased. } 

The effects on tracking performance whe 

the key word did not appear on the sign su; 

gest that expectancy played some part j) 

diverting the attention of test operators fro. 

the simulated steering. The significant i 

crease in tracking error leads to the conclusio. 

that more time was spent in attempting 1 

find the missing key word. 

Cues in Nontimeshared Recognitig 
Trials 

In the comparison of control and exper 

mental data, a decrease was noted in reco}, 

nition time associated with increased numbe) 

FREQUENCY, CRS. 

O— —0 2-3-5 CPS, 
Stowe O-— -02-2.5 crs 
ra) Aeeeed 2-!.5 CRS, 
S @— CONTROL 
(@) 
LJ 

ep) 

uy P.O 

= 

“ Ok ty aan 
= Deoeeeee?® 

ie) 
0.0 
ae 
© 

Oo 
O 
WwW 

x 

9.0 

2 4 

MESSAGES ON SIGN 

Figure 7.—Recognition time data s 

effects of number of words on sign 

and tracking frequency. 
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f bf messages in the search-and-recognition 

aetivity when no timesharing was required. 

{t is most likely that, because of using the 

sontrol film for training, disproportionate 

‘jearning was associated with the four message 

jigns. There was no way of directly testing 

shis hypothesis. Close observation of these 

ilms, however, revealed considerable activity 

‘{n the periphery of the scenes during photog- 

vaphy of the four message signs. When test 

/perators were required to view only the film 

‘which had been repeatedly shown during 
raining), it is likely that such peripheral cues 

vere noticed and used. This most likely ex- 
plains the U-shaped curve associated with the 

‘sontrol tests, shown in figure 7. 

Spatial Separation of Information 

Although care was taken to present a reason- 

able projection of the roadway (rates of change 
xf objects in the simulated view of the road 

_ veing kept comparable to those in the field), 

accuracy of detail in the films used required 
- much larger messages for recognition. This, 

in effect, also meant that the lateral movement 

_ of objects across the viewed field was much 

_ further from the line of regard in the labora- 

jory situation than on an actual highway. 

| Concurrently, the angular velocity of the 

signs was much higher at the time of recog- 

ition. This constraint meant that the mes- 

sage, when detected, was displayed about 10 

| degrees from the line of regard. In the field, 
iowever, previous tests under comparable 

_ speed conditions showed recognition of signs 

vf the type used in this study to be at about 

00 feet. At the time of recognition, the dis- 

dlacement of the sign was about 2 degrees 

rom the line of regard, which is within the 

oveal region of the eye. The shift of the 

soint of fixation for the field situation was 

“very small, thereby reducing the transition 

ime between the two information sources: 

risual steering feedback and the messages on 

he signs. 

Shifting cues 

Control devices used to respond to repetitive 

nputs permitted development of some reliable 

‘ues for the test operator in the simulated 

teering task. Because the compensatory 

racking signal produced high redundancy in 

he experiment described, the error, incurred 

luring periods when the operator directed 

iis attention toward the signs, was probably 

dinimized. In tasks dependent upon both 

‘sual and proprioceptive cues, Bahrick and 

shelly (13) determined that during prolonged 

rials a gradual change occurred from visible 

ues to proprioceptive control. So, indeed, 

here may have been a reduction in the errors 

cored under these high redundancy con- 

litions. However, the use of a balanced 

lesign in analysis of errors scored reduced 

| he influence of this factor in the findings 

eported here. 
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Frequency-Amplitude 

Frequency and amplitude are recognized 
in this article as aspects of the same phenom- 
ena—rate of angular change of the source 

of the tracking target stimulus. A report by 

Bowen and Chernikoff (14) contains a hypo- 

thesis concerning the cumulative tracking 

error of test operators; they suggest that an 

error estimate may be determined by the 

trequency-amplitude product, 

E=K(fa). 

Their tests of this relationship yielded good 

fits of the data. Although this relationship 

did not take into account the gain of the 

specific control used by operators,  signifi- 

cant trade-off between these two aspects 

of the tracking task provides the reason as 

to why each should have had pronounced 

differential effects and as to why an inter- 

action should have existed between them. 

Bowen and Chernikoff showed that equal 

frequency-amplitude combinations should yield 

equal tracking error. This point is not 

germane to the central topic of this article, 

but making comparisons of conditions having 

equal average velocities is essential to deter- 

mining the applicability of the principle in 

the body of the research reported. So as to 

not confound the argument by possible 

interactions not shown by previous analysis, 

matched groups of all test conditions: opera- 

tor, presence or absence of the key word, 

and complexity of tasks were compared for 

the equal frequency-amplitude combinations. 

Where, 

i 25°) CrDsse; 

fo=25 ¢.p.s., 

fs=2!* cip:s., 

aj—2 em., 

a.=4 cm., 

and # is the error associated with conditions 

dictated by the subscripts, the following listed 

hypotheses were tested by use of the t-test. 

The corresponding probabilities of the differ- 

ences exceeding ¢ are given: 

Hypotheses Statements 

18 lp Ey, d2= Es,t, 0.3<p<0.4; 

but, Jats}. Ey,01= Ey, 42, p<.0.01; 

and, H2, Es,2= Ey, 0.5<p<0.6; 

but, H4, Ey7,d2= Ey,a2, 0.05<p<0.10. 

On the basis of the preceding analyses, the 

frequency-amplitude equality concept can be 

considered to be valid. The differences be- 

tween the equal fa products were not signifi- 

cant. However, when the cumulative error 

was compared for matched groups for like 

frequencies but different amplitudes, differ- 

ences were significant or were near the critical 

level of accepted difference. 

Angular Velocity Stimulus 

In addition to Bowen and Cherikoff’s treat- 

ment of the frequency-amplitude combination 

as a predictor of tracking error, Brown has 

classified these components as those that may 

be translated into angular velocity, a primary 

stimulus to the human operator. Such a con- 

cept permits the translation of vehicular speed 

and road curvature into these terms. The 

stimuli used ranged in maximum angular 

velocities from 0.74 to 5.37 degrees per second 

For a curve having a radius of 1,330 feet with 

a superelevation of 5 percent, AASHO design 

standards indicate an angular velocity range 

of 2.59 degrees per second for a vehicle enter- 

ing the curve at 60 m.p.h., down to 1.50 de- 

grees per second for a vehicle entering at 30 

m.p.h. On such curves the driver does not 

in theory need to make more than an initial 

correction, whereas test operators in this 

study were negotiating a very crooked road. 

Although the differences between tracking 

error for equal frequency-amplitude com- 

binations were not greater than could be 

expected by chance, the two amplitude con- 

ditions exhibited relative differences that are 

worthy of note. Inspection of the configura- 

tions confronting the test operators showed 

at least two types of differences between the 

conditions. The first pertained to the angular 

velocity of the control conditions: The 

average velocities for test differed almost 30 

percent, but the maximum velocities did not 

differ; in the other test, the maximum veloci- 

ties differed by almost 10 percent, but the 

average differed only a few percent. 

The Right Decision 

It is especially critical to the driver who is 

unfamiliar with a specific course to make the 

right decision. He may attempt to make the 

best of the situation so that he has more time 

in which to reach a decision—he may reduce 

speed. He may direct his attention primarily 

to the roadway from external visual sources, 

such as signs. It is conceivable that his 

control, particularly lateral control, will 

decrease appreciably. 

The suggestion that substantial research is 

needed about locations where the driver must 

make decisions concerning alternate courses 

is supported by the evidence from the study 

discussed in this article of the interaction 

effects of steering and search-and-recognition 

activities, together with the report of the 

ITTE. Congestion along the highway, such 

as at ramps, does not explain the many 

accidents in these areas. Mullins and Keese 

(15) report that more than 20 percent of 

accidents in freeway sections studied occurred 

at. ramps where signs or oncoming traffic 

must be searched out, located, recognized, 

and acted upon. If recognition is to occur in 

time for a decision, then scanning time on 

driver’s position on the roadway must be 

decreased (but this was not indicated by data 

collected in this research) or the angular 

velocity of the roadway must be decreased. 

This may be accomplished by a decrease in 

driving speed, a factor probably associated 

with accident rates (16). Where speed 

variability is high on high-speed roadways, 

there is also considerable evidence of a reduc- 

tion in road capacity (17). 

The issues to consider are alternate methods 

of presenting information to the operator so 

that he is not overburdened, and determina- 

tion of ways that will permit the driver to 
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maintain speed for such decision points along 

the highway. Finally, where a message is 

definitely expected, an indication of the proper 

direction should be on the sign, otherwise more 

time will be given to the sign reading task 

than to maintaining steering control. 
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Introduction 

ITH THE present expansion of the high- 

way construction program, the highway 

zineer is frequently required to locate and 

id highways and particularly interchanges 

ar poor, submarginal lands, sometimes even 

amplands. One problem in designing inter- 

unge embankments over soft soils is the 

sermination of the initial shear strength of 

» foundation soil. This shear strength may 

estimated from the results of the standard 

1etration test, obtained during subsurface 

vestigations, or measured directly by the 

d vane test. In: general, however, the 
tial shear strength of the foundation soil is 

sed upon laboratory unconfined compres- 

n tests of undisturbed samples. When the 

disturbed samples are very sensitive, or so 

ak they fail under their own weight, an- 

ier type of test is needed. 

The Materials Research Division of the 

reau of Public Roads has purchased a lab- 

tory vane shear device (figure 1) for testing 

'y soft soils directly in the sampling tubes. 

e test consists of inserting the vane into 

sample and measuring the resistance to 

ation. The shear strength can then be 

culated from this resistance to rotation. 

is device was evaluated by comparing the 

ar strength result obtained thereby with 

' shear strength result obtained from the 
sonfined compression test. 

1 initial tests, the laboratory vane shear 
f and the unconfined compression shear 

t did not yield the same shear strengths 

Presented at the 43d annual meeting of the Highway 

earch Board, Washington, D.C., Jan. 1964. 

Comments on the tests reported were made by Professor 

il E. Wilson, Department of Civil Engineering and Engi- 
‘ing Mechanics of McMaster University, Hamilton, 

ario, Canada, and are reproduced at the end of this 

tle. Comments of the authors on Professor Wilson’s 

arks are also included. 
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Y THE MATERIALS DIVISION 

Evaluation of Laboratory Vane Shear Test 

Reported by'!? ROGER D. GOUGHNOUR and 
JOHN R. SALLBERG, Highway Research Engineers 

The laboratory vane shear device produces shear strength measurements that 
are reliable, according to the research results reported in this article. 

accurate determination of the shear strength of soft foundation soils is an im- 

portant factor in the design of modern highways. 

of Public Roads is conducting a study of laboratory shear strength tests and 

devices to determine the strength parameters measured by the different labora- 

tory tests and to evaluate the usefulness of such tests in relation to highway 

The test discussed in this article covers only one facet of the study. 

The results obtained on the evaluation of the laboratory vane shear test show 

that this device provides reliable values of shear strength. This, coupled with the 

ease of testing and the relatively small degree of disturbance of the specimen, 

makes the vane shear test a desirable tool, especially for use on soft, sensitive soils. 

The 

Consequently, the Bureau 

for identical remolded specimens of soil. In 

an attempt to explain this difference, addi- 

tional tests were run on both undisturbed 

and remolded soils. The remolded soils were 

studied for the effects of aging of the speci- 

mens before their being tested, the rate of 

shear, and the vane size. 

A few researchers have compared the shear 

strength obtained from tests made with the 

field vane, the laboratory vane (undisturbed 

sample left in the tube when tested), and the 

undisturbed, unconfined compression tests (/, 

2).3 Generally the field vane test results 

showed the greatest shear strength, the un- 

confined compression test results showed the 

least strength, and the results of the labora- 

tory vane test showed a strength between the 

other results. Gray (1) believed that for the 

sensitive clays he tested, the difference was 

caused by the disturbance of the soils when 

the samples were obtained and when the un- 

confined compression test specimens were pre- 

pared. Results of the consolidated undrained 
triaxial shear tests made by Fenski (2) were 

close to results of the field vane test. There- 

fore, he concluded that the difference between 

the results of the field vane test and the un- 

confined compression test was caused by the 

different stress conditions created when the 

soil was removed from the ground. 

Summary 

The results of the study reported in this 

article are as follows: 

Laboratory vane shear and unconfined 

compression tests on a variety of fine grained 

soils, molded into test specimens at moisture 

contents between the plastic and liquid limits, 

showed that the ratio of the vane shear 

strength to one-half the unconfined compres- 

sive strength was constant for a given soil. 

3’ Numbers in parentheses indicate references listed on p. 93. 

This vane-we ratio varied from soil to soil, 

ranging from 0.6:1 to 1.4:1. Soils having 

plasticity indexes of less than 14 had vane 

shear strengths less than the unconfined com- 

pressive shear strengths, and soils having 

plasticity indexes greater than 14 had vane 

shear strengths greater than the unconfined 

compressive shear strengths. 

for this difference in shear strengths are: 

e A remolded soil having a high plasticity 

index probably has nonuniform structure. 

As the test specimen in the vane test failed 

along a fixed surface and the test specimen in 

the unconfined compression test failed in the 

weakest area, nonuniformity of structure. 

caused the vane strength to be greater. The 

vane-uc ratios of the undisturbed soilincreased 

from 0.9:1 before being remolded to 1.20:1 

after being remolded. Also, the vane-we 

ratio decreased as the age of the specimen 

increased. It is probable that the structure of 

undisturbed samples and specimens aged 

after their being remolded was more uniform 

than the structure of specimens immediately 

after they had been remolded, thus causing 

the lower vane-uc ratio. 

Possible reasons 

Figure 1.—Laboratory vane shear apparatus. 
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Table 1.—Summary of soil tests and soil properties 

Basic soil properties 

Ratio of 2 

io of vane enetrometer am- ; 2 : ; ; 

Group and type Test Hi oe e i shear to ples Moisture Dry density : ne oi note and Classification 

é of test one-half one-half tested | content, w a Eee ite 0.005 a is Fala 

bo piraneth 5) ve steenge limit | limit |index| mm. | mm. | mm. | AASHO USDA 
texture 

A: No No. Percent Pezf. 7 peaT Bilty ol 

Determination | la | 1.0:1 1.5:1 54. | 37.0to 44.0 | 73.0to80.6 | 51 | 30 | 21 44 49 ~7-5(15) iity clay 

bib ib 37 23 40 A-7-6(13) | Clay loam. ati ~ | 2 1.5:1 22 | 20.3t0 35.5 | 83.2t097.9 | 48 | 20 | 28 
ee an 0. Bi 2.0:1 6 | 33.6t035.1 | 80.7 to 82.9 41 | 35 6 4 33 63 A-4(4) Sandy loam. 
ae 3b | 1.3:1 1.6:1 3 | 35.9t036.0 | 89.1t089.8 | 36 | 28 8 22 34 44 A-7-6(12) | Loam. 

5 1.4:1 2.1:1 3 | 47.8t0 47.9 | 71.7to71.8 | 49 | 33 | 16 83 10 ij A-7-5(20) | Clay. 
6 1.25:1 1.5:1 3 | 64.0t065.0 | 59.6to611 | 88 | 41 | 47 92 7 1 A-7-5(20) | Clay. 
7 0.6:1 2.1:1 3 | 24.7t0 24.8 | 98.0to100.7 | 89 | 34 | 55 77 12 11 A-2-4(0) | Clay. 
8a an 8 30 24 6 15 18 67 ese Seek 

; 33.9 to 34.0 | 85.9 to 87.0 E ; 
9a bs yao 3 55 | 25 | 30 83 13 4 Clay. 

A-7-6(14) B: 0. 9:1 11:1 46.2 to 47.9 | 109.7 to 112.0 
Determination 10a er ie 5 Stn en ee 46 24 22 46 52 2 ares Bes 

Loh frock: Mactan rn ica se 7 46 | 24 | 22 | 46 52 2 Silty clay 
turbed soil). oam., 

7 A-7-6(10) C: “Wy ae) ey leo eee 25.0 to 31.6 | 89.7 to 98.7 
: 10 | 22.1t0 22.6 | 101.9t01027 | 41 | 19 | 22 37 23 40 A-2-4(0) Clay loam. Rate of shear. a8 0. 5:1 to 1.0:1 PRE Eat : a st - i a a sees 

loam, 

; O30 to 1edel|| eee eee 26.2 to 26.7 | 95.5 to 96.3 A-7-6(10) 
» i ftect of age 2d 1.4:1 io i 0 Ih | tose, ee ee Oe 6 24.9 to 25.8 96. 9 to 97.5 41 19 22 37 23 40 A-7-6(10) Clay loam. 

{ 2e gs i om: ON Es ae 9 32.0 to 33.0 87.7 to 87.9 41 19 22 37 23 40 A-7-6(19) Clay loam. 
9b u 55 | 25 | 30 83 13 4 Clay. 

: L1:l 1.7:1 38.1 to 38.9 | 78.2 to 82.9 A-7-5(8) 
72 1.3:1 1.3:1 18 | 24.9t034.8 | 84.3t098.9 | 51 | 30 | 21 44 49 7 A-7-6(10) | Silty clay. 

er oa o 54 ru || a) |) Oe 37 23 40 Clay loam. 

: 1,3:1t02.7:1 | 1.3:1 to 2.2:1 19.0 to 21.4 | 102.3 to 107.3 A-7-6(10) 
P effect of testing | 2c 8 41 | 19 | 922 37 23 40 Clay loam. 

procedure. 

1,000 strength. No such effect was noted for clays. samples. The distortion of the pattern yw 
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SHEAR STRENGTH BY LABORATORY VANE, PSF. 
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Figure 2.—Vane shear versus one-half un- 

confined compressive strength. 

e A soil having a low plasticity index prob- 

ably has an intergranular friction force that 

is mobilized in the unconfined compression 

test, but not in the vane shear test. This 

causes low vane-we ratios for such soils. 

The buildup of pore-water pressure in the 

test was studied indirectly by the effect of 

rate of shearing on the vane-uc ratio, but 

the results were inconclusive. However, in- 

creasing the rate of rotation of the vane for 

a soil having a low plasticity index did cause 

an increase in the shear strength. As the 

soil tested was dilatant, negative pore-water 

stresses were probably induced during the 

shear deformation. This negative pore-water 

pressure contributed to the increase in shear 
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The length and the number of blades made 

little difference on the results of the vane 

test for the soils tested. 

The difference noted by other researchers 

between the unconfined compressive shear 

and the vane shear strengths may have been 

caused by differences in the modes of failure 

rather than in the actual shear strength of 

the soil. 

The shear strength values obtained with 

the laboratory vane shear device appear to be 

reliable. The ease of testing and the rela- 

tively small degree of disturbance to the 

specimens make this a desirable test, espe- 

cially for soft, sensitive soils. 

Vane Shear Apparatus 

The vane shear apparatus used for the 

study reported here (fig. 1) is equipped to 
measure both torque and rotation of the 

vane in degrees. Torque is applied to the 

vane through a calibrated spring by rotating 

the crank handle. The base of the apparatus 

was replaced by a clamp to hold the sampling 

tubes. The vane normally used has four 

blades, each one-half inch in height and one- 

fourth inch in width. 

Calculation of Shear Stress 

The surface of rupture and the possibility 
of progressive failure for the vane test has 
been studied for sand and clay by Swedish 
researchers (3). Their study was conducted 
by placing wetted tissue paper, which had a 
pattern marked on it, on the surface of the 

observed as the vane test progressed. It y 

concluded that, for the sand and clay teste 

the surface of rupture was a circular cylinc 

of which the diameter (D) equaled that of t 
vane, and any progressive character of failt 

was slight and did not appreciably affect 
test results. 

When the vane shear strength, S, was ¢@ 

culated in the study reported here, it w 

assumed that the failure surface was t 

circular cylinder of revolution created ' 

rotating the vane. The shear stress w 

assumed to be constant along the vertic 

surface and to have a linear distribution | 

the ends ranging from zero at the center 

maximum at the edge. The resultant formu 

for the shearing strength is: 

27M 
Svane= ah are TNS 

pb (H+?) 

Where, 

TM= Maximum torque 

D =Diameter or overall width of the va 
H =Height of the vane. 

The unconfined compressive shear streng 

was computed using the conventional 
pression: 

Su=% 

where gq, is the unconfined compressi’ 

strength, which is defined as the maxim 

applied load divided by the average ert 

section of the specimen. 
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on shear strength of remolded 
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j Figure 4.—Effect of curing time on shear 

al strength of remolded clay specimens, 

; test 9b. 

oil Preparation and Initial Testing 

| The 10 soils tested were four clays, two 

_ity clay loams, a clay loam, a loam, and two 

icagly loams. The types of tests performed, 

| 1e test results, and the mechanical properties 

‘ the soils are summarized in table 1. The 

il to be used for the remolded tests was air 

tied, pulverized to break up clay lumps, and 

mnerally sieved through the No. 10 sieve to 

-pmove coarse particles—one exception, a 

lty clay loam, was sieved through the No. 4 

eve. Water was then added and thoroughly 

iixed with the soil to bring it to the selected 
wisture content. The mixture was then 

ored in a moist cabinet for at least 24 hours 

fore it was molded and tested. 
The remolded specimens were prepared in 

mold that was 2 inches in diameter and 5 

ches long. The soil was put in the mold in 
“‘nall increments and manually tamped with 

wood rod three-fourths of an inch in diam- 
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via 

eter. The density of duplicate specimens 
could be reproduced within a range of 1.0 
p.¢c.f. with this method. The vane shear tests 
generally were performed on these specimens 

while each was still in the mold. The vane 

was inserted into the soil until the top of the 

vane was approximately one-half inch below 

the top of the specimen. After the vane test, 

the specimens were pushed from the mold and 

trimmed to a length of 4 inches for the uncon- 

fined compression test. The tests listed under 

Group A in table 1 were made by using this 

procedure. For each soil molded into test 

specimens at moisture contents approximately 

between the plastic and liquid limits, the 

ratio of the vane shear strength to one-half the 

unconfined compressive strength (represented 

by vane-uc ratio) was constant; this ratio, 

however, varied from soil to soil and ranged 

from 0.6:1 to 1.4:1. These vane-uc ratios 

also are given in table 1. Typical test results 

for one soil, which show this constant ratio, 

are plotted in figure 2. Duplicate tests were 

made on this soil to evaluate different vane 

designs and the result was a seemingly exces- 
sive replication at each of the three moisture 

contents at which specimens were molded. 
Four possible causes for the different shear 

strengths measured by the vane and uncon- 

fined compression tests are as follows: (1) 

Nonuniformity of soil structure; that is, 

particle arrangement and moisture distribu- 

tion within the specimen; (2) variations in 

pore-pressure developments during shear; (3) 

progressive failure in the vane test; and (4) 

effects of testing procedures. Additional tests 

were made to investigate these factors. 

Structure 

Any nonuniformity of structure or strength 

within the test specimen would be reflected in 

the ratio of the vane strength to the unconfined 

compressive strength. This vane-uwe ratio 

would be greater than 1:1 because the vane 

shears the soil specimen along a fixed surface, 

whereas the unconfined compression test allows 

the soil specimen to shear along the weakest 

surface. Shearing along a fixed surface tends 

to produce an average shear strength; how- 

ever, shearing through the weakest part of a 

specimen produces the minimum strength. 

It was hypothesized that a remolded test 

specimen has a less uniform structure than an 

undisturbed test specimen. If this were so, 

the vane-uc ratio for the specimens of remolded 

soil would be greater than the vane-uc ratio 

for the specimens of undisturbed soil. This 

hypothesis was investigated. Samples of an 

undisturbed silty clay (test 10a of Group B, 

table 1) were used; they were obtained from a 

12-foot excavation with 3-inch and 6-inch 

sampling tubes. Unconfined compression 

test specimens 2 inches in diameter by 4 inches 

long were trimmed from the samples and tested. 

The vane-uc ratio for this undisturbed soil 

was about 0.90:1. This material was then 

thoroughly remolded and tested (test 10b). 

The resultant vane-uc ratio was about 1.2:1. 

This larger vane-uc ratio for the remolded soil 

appears to support the hypothesis that these 

ratios for remolded soil samples are less unl- 

form than for undisturbed samples. 
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Figure 5.—Effect of rate of rotation on vane- 

uc ratio for sandy loam, test 8b. 

As a further check of the effect of structure 

uniformity on the vane-uc ratio, the effect of 

age of the molded specimens was studied. It was 

hypothesized that soil of remolded samples 

will become more uniform as they are aged 

and, therefore, the unconfined compressive 

strength will increase and consequently the 

vane-uc ratio will decrease. This hypothesis 

was investigated for specimens of clay loam 

and clay, which were all molded at one time, 

immediately pushed out of the mold, wrapped 

in aluminum foil, and stored in a moist cabinet 

until they were tested. 

Data shown in parts A of figures 3 and 4 show 

strength as a function of curing time and parts 

B of the same figures show the corresponding 

changes in the vane-ue ratio. A tendency 

can be seen for both the vane and the un- 

confined compressive strengths to increase 

as curing time is increased. However, the 

unconfined compressive strength increases at 

a more rapid rate, which causes a decreasing 

vane-uc ratio. This tendency was more 

pronounced for the clay loam than for the 

clay. The vane-uc ratio decreased from 

about 1.47:1 at zero time to about 1.33:1 at 

39 days for the clay loam (test 2e) and from 

about 1.37:1 at zero time to about 1.22:1 at 

39 days for the clay (test 9b). Based on 

these results, it appears that a remolded soil 

becomes more uniform with age; therefore, 

the difference between shear strengths meas- 

ured by the two tests was reduced. 

Pore Pressure 

The second factor investigated was the 

possibility of pore-pressure buildup during 

shearing. This was investigated indirectly 

by studying the effect of rate of shear. A 

nearly constant rate of shear for the vane 

test was maintained by rotating the crank 

handle approximately one revolution per 

minute, thus obtaining an almost constant 

rate of stress increase and very little strain 

as the load was increased. As the load 

approached the shear strength of the soil, the 

result was a constant rate of strain of ap- 

proximately 0.2 degree per second. 

The effect of shear rate was investigated by 

varying the rate of shear at failure between 

0.1 and 1.0 degree per second. These effects 

are recorded in Group C of table 1. A clay 

loam (test 2f) showed no measurable differ- 

ences in strength for this range of shear rates. 
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Figure 7.—Vane-uc ratio versus plasticity 

index. 

However, data from test 8b recorded in 

figure 5 shows that a loam had a vane-uc 

ratio of 0.6:1 at 0.2 degree per second and of 

1.0:1 at 1 degree per second. At rates slower 

than 0.2 degree per second, the vane-uc ratio 

was constant at a value of slightly less than 

0.6:1. This apparent constant ratio could 

A 

VANE SHEAR 

eo apg ere SHEARS SUREAGE, Sa Os= 

> VANE 

SHEAR STRENGTH, S oO 

NORMAL PRESSURE, O 

92 

have been the result of the difficulty in 

manually rotating the crank at a constant 

rate at these slow speeds and the resultant 

variability in readings. Because 0.2-degree- 

per-second rotation gave the minimum 

strength, this rate was considered satisfactory 

for all tests. 

As the loam is a dilatant soil, it is possible 

that negative pore stresses were induced 

during shear deformation. The negative 

pore-water stresses would create or increase 

normal pressure on the ruptured surface. 

This would, in turn, possibly increase an 

intergranular friction force causing an in- 

creased shear strength with increased rate of 

shear. 

Progressive Failure 

The third factor, the possibility of progres- 

sive failure in the vane test, was also studied 

indirectly. If a progressive failure were 

taking place in the vane test, a six-bladed 

vane would create a larger shear surface and 

cause a higher shear strength than a two- or 

four-bladed vane. The vane that was sup- 

plied with the vane equipment had four blades, 

each one-half inch high and one-fourth inch 

wide. Vanes having two and six blades were 

constructed for use in the tests reported here. 

Tests made with the three different vanes 

produced a very small percentage difference 

in the measured strength of the soils—not 

enough to warrant any change from the 

standard four-bladed vane. The average 

strengths measured with the two-bladed vane 

6 

UNCGONFINED COMPRESSION 

SHEAR STRENGTH, S qu 

NORMAL PRESSURE, O 

Figure 8.—Theoretical modes of failure. 
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NORMAL PRESSURE (TO SHEAR SURFACE ) 

were least; the measurements obtained wi 

the standard four-bladed vane were 2 perce 

greater and those obtained with the six-blad 

vane were 9 percent greater. But, in s« 

silty soils, the six-bladed vane caused signi 

cant compression of the soil during its ins: 

tion. The effect of this disturbance on t 
measured strength is unknown. 

The effect of length of blades was al 

studied. Vanes having blades 1 and 2 incl 

long were built and the strengths obtain 

with them were compared with those obtain 

with the original vane having the %-in 

blades. The calculated shear strengths wi 

essentially equal. As the tests made with t 

six-bladed vane produced shear strengt 

slightly greater than the four- and ty 

bladed vanes, some progressive failure ¢ 

peared to be taking place. 

Effect of Testing Procedure 

The fourth factor that possibly affects 1 

shear strength, as measured by the vane a 

the unconfined compression test, is the testi 

procedure used. As both the vane and t 

unconfined compression tests were often 1 

on the same test specimen, there was a p 

sibility that disturbance by the insertion 

and testing with the vane would reduce t 

unconfined compressive strength. To 

vestigate this, duplicate samples were pe 

odically tested by only the unconfined co 

pression test. Strengths obtained by the t 

methods checked very closely and, based 

CG 

PENETROMETER 

WHERE COHESION (c) = Svane 

Svane 

BHEAR  OERERGI LAS 

NORMAL PRESSURE, O 

December 1964 e PUBLIC RO 



3 

able 2.—Measured and computed force to 
insert penetrometer 

Angle of |Measured) Comput- 
> inter- foree ed force 

Soil test |Cohesion,| granular | required from 
c friction, | to insert Ter- 

¢ penetrom-| zaghi’s 
eter formula 

No. P.8.f. Degrees | Pounds | Pounds 
ee 300 23.0 3. 50 3. 00 
> as 77 13.5 . 62 . 43 

@) ea. .....---- 192 26.5 2,20 2. 24 

hese results, it was concluded that the in- 

ertion of the vane made an insignificant 
"lifference. 
t! To determine whether any changes in 
trength were the result of removing the soil 

‘rom the mold, tests were made with the vane 
m duplicate samples in the mold and after 

‘heir removal from the mold. The duplicate 

amples were removed from the molds, wrapped 

a aluminum foil, and held by hand, while 

he vane test was being made in accordance 

{ivith normal procedures. No measurable 

jlifference in shear strengths was observed 

yor the soils, whether tested in or out of the 

yaold, at moisture contents between the plastic 
1 /nd liquid limits. 

{| Although the vane-ue ratio was constant 
jor each soil within its plastic range, it in- 

reased as the moisture content decreased 

elow the plastic limit. This may have been 

jjaused by crumbling of the soil and sub- 

jyequent reduction of the unconfined compres- 

ive strength. When the vane test was con- 

ucted on these drier specimens after their 

emoval from the mold, the specimens tended 

o crack during the test and the result was a 

educed vane shear strength. The vane-uc 

jatio then approached the constant ratio 

btained in tests for the soils having higher 

1oisture contents. 

=| 

22. = 

Penetrometer Tests 

In conjunction with the laboratory vane 

est evaluation, shear strengths were also 

btained by using a commercially manu- 

-actured penetrometer. This device is used 

0 measure the resistance of a soil mass to 

he penetration of a rod 0.245 of an inch in 

jameter, at }4-inch penetration. Penetrome- 
ar tests usually were made with each vane 

hear test. The ratios of the average shear 

¢ trengths obtained from the penetrometer 

9 the strengths obtained from the unconfined 

ompression tests are given in table 1. This 

atio ranged from 1.3:1 to 2.3:1. The 
alationship between this ratio and plasticity 

idex is shown in figure 6. 

Mode of Failure 

The wide variation in the vane-uc ratio, 

‘om 0.6:1 to 1.4:1, indicates that there is a 

asic difference in the mode of failure between 

ae two tests. As shown in figure 7, the 

Jane-uc ratio is related to the plasticity 

idex. As the plasticity index increased, 

1e vane-uc ratio increased to about 1.4:1. 

or a plasticity index of 14, the ratio was 
G51. 

As noted previously, test specimens having 
mnuniform structure, water content, and 

— 
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600 800 
NORMAL STRESS, PS.F. 

Figure 9.—Interpretation of shear strength measured in vane 
shear and unconfined compression tests. 

density would tend to have vane-ue ratios 

greater than 1.0:1. It is likely that as the 

plasticity index of the soil increased, the 

molded test specimen became less uniform. 

For the highly plastic soils, the average 

strength measured by the vane test exceeded 

the strength measured by the unconfined 

compression test by 40 percent. 

The vane-we ratios of less than 1.0:1, 

indicating greater shear strengths obtained 

by the unconfined compression test, may 

have been caused by the inclusion of an 

intergranular friction component mobilized 

in the unconfined compression test but not 

mobilized in the vane test. Parts A and B 

of figure 8 represent the theoretical mode of 

failure for the vane and the unconfined 

compression tests, respectively. In the vane 

test, if the normal pressure (co) induced 

during shear were zero, the shear strength 

would be a function of cohesion only and 

would not be affected by intergranular fric- 

tion. In the unconfined compression test, 

the shear strength was a function of both 

cohesion and friction. It was reasonable 

therefore to expect that as the plasticity 

index of the soil became smaller, the frictional 

component would increase in significance 
and the result would be smaller vane-we 

strength ratios. 

If the assumption were true that the vane 

measures cohesion only, a useful Mohr dia- 

gram could be plotted using results of the 

vane and the unconfined compression tests. 

By using the vane measured strength at a 

zero normal stress and the Mohr circle deter- 

mined by the unconfined compression test, 

the Mohr Envelope was established, as shown 

in figure 9. To check the validity of these 

Envelopes a comparison was made of the 

resistance to penetration obtained by use of 

the penetrometer with the resistance com- 

puted by using the Envelopes. The penetrom- 

eter resistance was calculated by Terzaghi’s 

formula (6), 

Qnpr= ak? (1.80N,4+ 0.67 RNy) 

where, 

Qp,, critical load on a circular footing, lb.; 

Rk, radius of footing, ft.; 

c, cohesion, p.s.f. taken from vane shear 

strength; 

N., Ny, bearing capacity factors dependent 

upon angle of internal friction, ¢ from 

unconfined compression test; 

y, unit weight of soil, p.c.f. 

The theoretical mode of failure for the 

penetrometer is shown in part C of figure 8. 

A comparison of the computed penetration 

resistance with the measured forces is given 

in table 2. 

indicated that results obtained by use of the 

The reasonably good agreement 

Mohr Envelopes might be correct. 
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Evaluation of Results of Laboratory Vane Shear 
Tests With Pore-Pressure Measurements 

by | Professor NYAL E. WILSON, McMaster University, 

Hamilton, Ontario, Canada 

The following comments on the preceding 

article, Evaluation of Laboratory Vane Shear 

Test, are those made by Professor Wilson. 

“Goughnour and Sallberg proposed two 

hypotheses regarding the research work on the 

laboratory vane-shear test; these hypotheses 

are concerned with (1) the influence of pore- 

water pressures and (2) the effects of progres- 

sive failure. Some interesting research work 

has been conducted on the laboratory vane 

shear test and the results of this work sub- 

stantiate the findings of Goughnour and 

Sallberg. 

“This research involved using the laboratory 

vane shear apparatus in dilatant soil; the soil 

used was a medium-fine silt. The rate of 

testing was accurately controlled by a variable- 

speed motor and the vane blade was instru- 

mented so that pore-water pressures could be 

measured on the shear surface (fig. 1). The 

pore-pressure measurements were taken by 

welding hypodermic tubing to the edge of one 

of the vane blades; the end of the tubing was 

slotted and covered by a No. 200 mesh screen. 

Influence of Pore-Water Pressures 

“As in the research by Goughnour and 

Sallberg, it was found that the torque applied 

to the vane shaft was dependent upon the 

speed of testing. Figure 2, showing torque 

versus testing speed for vane tests in silt, 

indicated that a higher torque was associated 

with higher testing speeds. 

“The value of the torque was overestimated 

by about 25 percent when tested at the usual 

speed in the laboratory; this overestimation 

was related to the particular torsion spring 

used in the test. The deformation of the soil 

was dependent upon the speed of testing; 

that is, the angular velocity of the torque 

dial, and it was related to the rigidity of the 

torsion spring and varied with each appa- 

ratus; this is the disadvantages 

with the laboratory vane test, which is 

neither rigorously stress-controlled nor strain- 

one of 

controlled. 

“To investigate the influence of pore-water 

pressure on the torque applied to the vane 

shaft, a series of tests was conducted in silt 

(fig. 3); these tests, which were conducted at 

constant speed, also indicated that a change 

in testing depth from 2 inches to 3 inches 

had no significance. The results showed that 

induced pore-water pressures can be in either 

1 Presented at 43d annual meeting, Highway Research 
Board, Washington, D.C., Jan. 1964 
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MAXIUM TORQUE, IN.-LB. 

Figure 2.—Dependence of maximum torque on angular 

velocity of torque dial in vane tests on silt. 

the negative or positive range depending 

on the formation of the meniscus at the start 

of the test. Negative pore-water pressures 

were applied to the soil to determine the in- 

fluence over a greater range. The sloped 

line (fig. 3) indicated that the laboratory 
vane test, commonly considered as an ‘‘un- 
drained” test, acquired the characteristics of 
a “drained” test in dilatant soils; this anomaly 
has also been found for tri-axial tests on 
dilatant soils. 

HYPODERMIC NEEDLE 

VANE BLADE DIMENSION 
| IN. LONG X 3/4 1N.DIA 

NO. 200 MESH IN 
3/4 IN. LONG SLOT 

10 15 

ANGULAR VELOCITY, DEG./SEC. 

Progressive Failure 

“Observations were taken during the tes 

to investigate progressive failure. The val 

was inserted to the depth of the vane blad 

and photographed as the torque was appli 

and as the angular deformation took plat 

(fig. 4). At a strain of 10° and when 

maximum torque occurred, shear surfa¢ 

were generated at the tips of the blades an 

At this stage in tk at right angles to them. 
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L-REGION OF INDUCED] 
PORE PRESSURE 

M¥o= LB 

nm Ol 

ryumMwoc, 

we ra eN ivi 

on silt. 

st, the shear surface was not cylindrical 

it almost rectilinear. As the angular 

rain increased and the torque decreased, 

ie shear surfaces extended until, ultimately, 

cylindrical failure surface was formed. 

‘uring these stages of the test, voids were 

rmed behind the vane blades and the 

caring resistance was zero at these voids. 

ven though the ultimate shearing surface 

jas cylindrical, it was not necessary for the 

ear surface at maximum torque to be cylin- 

‘ical or the stress distribution on the walls 

the cylinder to be uniform. As the stress 

stribution at the shearing surface and 

i 

Comments of Goughnour and Sallberg re- 

rding Professor Wilson’s evaluation were, as 

illows: 
“The authors are grateful to Professor 

‘ilson for his interesting and informative dis- 
ssion. His development of the pore-pres- 

re device is a welcome contribution. It 

juld be of interest to continue the study of 

BLIC ROADS e Vel. 33, No. 5 

REGION OF APPLIED 
PORE PRESSURE —»y 

CAPILLARY PRESSURE 
Oe siti 

j a) 

DEPTH OF 
INSERTION 

le a] 
REMOLDED PORT DOVER SILT 

6 IN. DIA. ALUMINUM CONTAINER 

2 +\ O =f 

PORERERESSURE= Puseks 

| Figure 3.—Maximum torque versus pore pressure from vane tests 

along the vane blades was unknown, it was 

not possible to use the vane with any accuracy 

in this type of soil.” 
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Figure 4.—Vane test in silt. 
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Comments by Goughnour and Sallberg 

states, ‘As the stress distribution . . . was 

unknown, it was not possible to use the vane 

with any accuracy in this type of soil.’ It 

should be pointed out that the stress distribu- 

tion is not known for any type of test. It 

would seem that the vane test could be 

considered as accurate as any other of the 

commonly used tests.” 
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Opportunities for Young Engineers 

A revised and updated version of Oppor- 

tunities for Young Engineers in the Bureau of 

Public Roads (1964) has recently been issued 

by the Bureau of Public Roads, U.S. Depart- 

ment of Commerce. This 16-page, illustrated 

pamphlet may be purchased from the Super- 

intendent of Documents, U.S. Government 

Printing Office, Washington, D.C., 20402, for 

15 cents a copy. The introduction to this 

pamphlet tells of the Bureau’s responsibilities 

and its cooperation with other Government 

agencies and foreign countries. 

This publication is intended to provide 

information for college students interested in 

careers in highway or highway-bridge engi- 

neering. Information is presented on the 3- 

year training program for young engineers 

and on the organization, operations, and 

history of the Bureau. 

Additional information regarding oppor- 

tunities in the Bureau of Public Roads is 

contained in three folders that may be ob- 

tained free of charge by writing to the Per- 

sonnel and Training Division, Bureau of 

Public Roads, Washington, D.C., 20235. 

These publications are: (1) Opportunities as 

a Professional Highway Engineer, (2) Pro- 

fessional Challenge and Growth for Accounting 

Majors, and (3) Challenging Opportunities in 

the Bureau of Public Roads Right-of-Way 

Training Program. 

Typical Pedestrian Bridges 

The fifth volume in the Bureau of Public 
Roads series on Standard Plans for Highway 
Bridges (1962), Vol. V—Typical Pedestrian 
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NEW PUBLICATIONS 

Bridges, is expected to be issued late in Decem- 

ber or early in January 1965 and will be for 

sale by the Superintendent of Documents, 

Government Printing Office, Washington, 

D.C., 20402. 
The plans for pedestrian bridges are in- 

tended for the guidance of State, county, and 

local highway departments in the develop- 

ment of suitable and economical highway 

bridges across the Interstate or dual-highway 

systems. The plans presented in this publica- 

tion and the first four volumes should be 

particularly useful to the smaller highway 

departments having limited engineering staffs. 

An effort has been made to provide sufficiently 

complete information on all bridge plans so 

that they will approach contract drawings as 

nearly as practicable. For any given location, 

however, the requirements imposed by the 

site conditions probably will necessitate 

modification of the bridge plans because they 

have been developed generally only for right- 

angle crossings, level roadway grades, and 

typical walkway vertical curves. However, 

to improve the educational value of volume V, 

calculations for several of the more difficult to 

design pedestrian bridges have been included 

in this publicaion. The inclusion of these 

calculations will serve as examples and en- 

courage the use of the most suitable bridge 

for the location for which it is intended. 

Typical examples of pedestrian bridges are 

presented. A highway having two, 3-lane 

roadways separated by a 40-foot median was 

considered to be the average roadway re- 

quiring a pedestrian crossing, and _ these 

bridge plans have been presented so that they 

can be adapted for many situations. All 

examples shown have been selected on the 

basis of esthetics and economic suitability. 

The inclusion of two-span continuo 

bridges has been the direct result of a rece 

study that showed a favorable economic 

comparison between two-span and four-spé 

continuous bridges. Removing the should 

pier creates an impression of openness, whit 

greatly enhances the esthetic qualities of tl 

bridge. In addition, it increases sight distanc 

increases safety, and improves conditions f 

maintenance. It is assumed that normal 

the pedestrian bridge can be placed in a © 

section or ramp on earth embankment. F 

those bridges that require stairs or ramps 

extremely limited space, stairway and ran 

alternates have been detailed and can | 

adopted for most all bridges. 

Appendix A presents a rather comple 

design criteria for use in the design of pede 

trian bridges. It is believed that the desi; 

requirements for these bridges should be mo 

liberal than for highway bridges. Therefo 

the design criteria reflects a considera 

number of exceptions to the AASHO spe 
fications. 

Dimensions and Weights of Vehicl 

A report prepared by the Bureau of Pub 

Raads, Maximum Desirable Dimensions at 
Weights of Vehicles Operated on the F edere: 

Aid Systems, has been transmitted to t 
Congress by the Secretary of Commerce at 

has been published as House Document 

354 (1964). Copies of H. Doc. No. 354 a 

sold by the Superintendent of Document 

Government Printing Office, Washingto 

D.C., 20402, for 45 cents each. 
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